A b s t r a c t e γ-glutamyltranspeptidase (GGT) of Helicobacter pylori (HpGT) is a newly found virulence factor. In an approach to gain insight into the gene function, the four domains of the HpGT were cloned and expressed in baculovirus expression system. e results of a functional assay showed that the HpGT products acted as GGT, even when the N-terminal 380 amino acids were deleted. However, only the full length open reading frame (ORF) of the HpGT gene was apparently e ective on cell growth. is result indicated that the products of the full length ORF might have an important role in gastric carcinogenesis. In this paper, we are the first to report that changes of mitochondrial membrane potential can be detected using 5, 5' , 6, 6'-tetrachloro-1, 1' , 3, 3'-tetraethylbenzimidazole carbocyanine iodide (JC-1) staining in insect cells.
Introduction
Helicobacter pylori is a common human pathogen that colonizes the gastric mucosa. Infection puts the individual at greater risk for developing gastritis, peptic ulcer disease, and gastric cancer (Marshall and Warren, 1984; Bjorkholm et al., 2003; Sharma and Vakil, 2003) . H. pylori produces a number of virulence factors that enable its pathogenesis. One of these is an enzyme, γ-glutamyltranspeptidase (GGT, EC 2.3.2.2), in the periplasm, which is involved in induction of host cell apoptosis (Shibayama et al., 2003) and plays an important role in colonization by H. pylori (Chevalier et al., 1999; McGovern et al., 2001) .
GGTs are fairly ubiquitous with homologues observed in all kingdoms, and are generally considered to be involved in the metabolism of glutathione and in the salvaging of cysteine (Hanigan and Ricketts, 1993; Ikeda and Taniguchi, 2005) . Although distant GGTs o en share considerable sequence identity, significant catalytic di erences exist between bacterial and nonbacterial homologues (Ikeda et al., 1995; Ikeda et al., 1996) . Mammalian GGTs are embedded in the plasma membrane by a single N-terminal transmembrane anchor and are heterologously glycosylated, bacterial homologs are soluble and localized to the periplasmic space. H. pylori GGT (HpGT) is a member of the N-terminal nucleophile hydrolase superfamily, and is translated as an inactive proenzyme that undergoes autoprocessing to become an active enzyme (Brannigan et al., 1995) . Despite its demonstrated involvement in H. pylori colonization, persistence, and disease progression (Boanca et al., 2007) , the biochemical characterization of HpGT is still limited (Coloma and Pitot 1986) . Although the general features of the function of HpGT can be inferred based on its classification as an N-terminal nucleophile hydrolase, many mechanistic details of the autoactivation and catalytic function of HpGT have not been addressed. In this paper, the domains of the HpGT gene were expressed in baculovirus expression system and subsequently analyzed.
Experimental

Materials and Methods
e E. coli DH10Bac/BmNPV cell line was provided by Professor E.Y. Park (Department of Applied Biological Chemistry, Faculty of Agriculture, Shizuoka University, Shizuoka, Japan). FuGENE TM 6 transfection reagent was from Roche Company. Grace's insect cell culture medium (GIBCO) was purchased from Invitrogen. e B. mori cell line BmN (originated from ovary) was preserved in our laboratory and cultured at 27°C in Grace's insect cell culture medium. H. pylori culture. H. pylori strain was isolated from clinic tissues. e strains were grown on horse blood 3 204 agar plates (Oxoid Base) supplemented with vancomycin (5 mg/L), polymyxin B (2500 U/L), trimethoprim (5 mg/L) and amphotericin B (4 mg/L). Plates were incubated in an anaerobic jar with a microaerobic gas in the presence of a catalyst. E. coli strain DH5α was used as hosts for plasmid cloning experiments, and was grown in L-broth (10 g of tryptone, 5 g of yeast extract and 5 g of NaCl per litre, pH 7.0) or on L-agar plates (1.5% agar) at 37°C.
Cloning of the domains of HpGT gene. According to the HpGT gene structure and the DNA sequence in GenBank (Access No: NC_000921), four domains were designed for the functional analysis, including full length of the HpGT ORF (open reading frame), HpGTd30a, HpGT-d80a, and HpGT-d380a (deletion of 30, 80, 380 amino acids in the N-terminal, respectively).
e specific primers for amplification of the four fragments are shown in Table I. e PCR conditions for amplification of the HpGT fragments were: 1 cycle at 94°C for 5 min; 35 cycles at 94°C for 45 s, 55°C for 40 s, 72°C for 3 min; and 1 cycle at 72°C for 10 min.
Construction of recombinant donor plasmids. According to the HpGT protein structure, we designed four fragments (full length, d30a, d80a, and d380a) to analyze enzymic activity. A er PCR, four fragments were obtained (Fig. 1a) . Sequencing results indicated that no no-sense mutations occurred. e fragments were inserted into the baculovirus transfer vector pFastBac1. Furthermore, to detect the expression of the fragments, the fusion proteins with the eGFP gene were constructed in the C-terminal of the fragments.
e DNA of baculovirus donor plasmid pFastBac1 was digested with EcoR I and Xho I, and ligated to the HpGT fragments digested with the same enzymes, respectively. To generate fusing ORFs with eGFP gene, the eGFP fragment was inserted into the constructed plasmids containing the HpGT fragments by digestion with Xho I and Hind III as well.
Isolation of recombinant bacmid and baculoviruses.
e recombinant bacmids were transformed into E. coli DH10Bac/BmNPV where transposition occurred. By screening the transformed clones, Bacmid DNA was isolated using the FlexiPrep kit (Amersham Pharmacia Biotech) and then analyzed by PCR with the M13 primers (Su et al., 2009 ). e PCR conditions were 1 cycle at 94°C for 5 min; 35 cycles at 94°C for 45 s, 55°C for 45 s, and 72°C for 5 min; and 1 cycle at 72°C for 10 min. Recombinant bacmid DNA confirmed by PCR was transfected into Bm cells using transfection reagent according to the manual. γ-Glutamyltranspeptidase activity. A er infection with the recombinant viruses p.i. 60 h, the BmN cells were collected and lysed. e lysate with 100 µg total protein was used for γ-Glutamyltranspeptidase activity assay. Qualitative detection of the GGT enzyme was achieved by a Clinic Biochemistry detector (Olympus AU2700), the tests were repeated 3 times.
Western-blot. To comfirm the protein expression, the products of fusing gene (the HpGT fragment with eGFP) were detected by Western-blot. e first antibody was of anti-eGFP with a dilution of 1:1000.
Analysis of mitochondrial membrane potential. A er infected with the baculoviruses containing the HpGT fragment, respectively, mitochondrial membrane potential of the BmN cells was observed by uorescence microscopy with JC-1 staining. e staining process was carried out by the protocol of the JC-1 Mitochondrial Membrane Potential Detection Kit (Biotium, Inc., Cat: 30001). In brief, the living cells were stained red, and when the cells were going to die of apoptosis, the cells were stained green (Bowser et al., 1998) .
MTT assay. e MTT assay was performed using the cell proliferation kit I MTT (Roche Co.) according to the manufacturer's protocol. In brief, a er diverse treatments for 24 h, the gastric cancer cells (BGC-823) were subsequently prepared for assays. e absorbance was determined at 570 nm by an ELISA reader (Bio-tech Synergy HT). Each approach was replicated 6 times and repeated 3 times with similar results.
Results and discussion
Identification and harvest of the recombinant bacmids. e HpGT fragments were amplified from Hp genomic DNA by PCR, and digested with EcoR I and Xho I to be inserted into the baculovirus transfer vector digested with the same enzymes. A er the plasmids were transferred into the Bm-DH10 bacteria, the bacmid DNAs were extracted, respectively. To confirm the fragment inserts, PCR was used to amplify the fragments. e results indicated that the HpGT fragments were inserted into the viral genome.
To construct the fusing fragments with eGFP, the eGFP fragments were amplified and were digested with Xho I and Hind III, and then ligated to the recombinant vectors containing the HpGT fragment. e recombinant bacmid DNAs were transfected into BmN cells to generate budded viruses. A er 72 h infection, the symptoms of viral infection were observed using an inverted phase microscope and the medium was collected as viral stock. Green uorescence was observed in the infected cells when the HpGT fragments fusing eGFP were expressed (Fig. 1) .
Confirmation of fusing expression. At of yet, the HpGT antibody has not been raised. Expression of the HpGT fragments was tested by tagging with eGFP gene. Using eGFP antibody, expression was confirmed by Western blot (Fig. 2a and 2b) . A er that, the location of the HpGT fragments in the cells was observed under an inverted uorescent microscope. Interestingly, the fragments that lost N-terminal 380aa were concentrated in the cytoplasm (Fig. 1) .
GGT activity assay. e test of GGT activity assay showed that all the fragments used in this paper had GGT activity, even a er deleting the N-terminal 380aa e GGT-d380a-eGFP products had di erent location in BmN cells. Bm-eGFP recombinant baculovirus, with egfp gene instead of the polyhedron gene, was a control. Fig. 2a and 2b . Detection of expression products of the fusing fragment of ggt and gfp in baculovirus by Western-blot.
e lysates of BmN cells and of cells infected with wild baculovirus (BmNPV) were the negative controls. In Figure 2a , the products of the full length ggt fusing with eGFP gene were detected, and in Figure 2b , the products of the fragments of ggt fusing with eGFP gene were detected. Fig. 3 . GGT activity detection of the expression products of the fusing fragment of the ggt in baculovirus.
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e Bm-GFP virus was a negative control.
( Fig. 3 ). e result indicated that the enzyme activity center was located in the C-terminal of the protein and the N-terminal of HpGT might have other functions. Mitochondrial membrane potential assay. To know the e ect of the HpGT products on the cell cycle, the mitochondrial membrane potential of the infected BmN cells was compared. e results demonstrated that infection of HpGT fragments with full length, deleting 30aa and 80aa changed the mitochondrial membrane potential significantly, but the wild type virus and the HpGT fragment with deletion of 380aa did not change it apparently. is evidence denotes that the N-terminal domain is related to cell function (Fig. 4) . is is the first report using JC-1 staining to detect cell changes in insect BmN cells.
E ect of tumor cell growth. To check the impact of the HpGT products on cell survival, stomach cancer cells (BGC-823) were treated with the expression compound. Analysis of cell viability by MTT assay indicated that the cell growth was inhibited significantly by HpGT full length products at 24 h. However, when the incubation time lasted 48 h, cell growth showed recovery. ese results indicate that only the full length HpGT might have the activity to inhibit cell growth (Fig. 5) . Furthermore, the e ect might be reversible.
In this paper, we identified the HpGT activity and e ect on cell growth using baculovirus expression system. Although the C-terminal domain of the HpGT has GGT activity, only the full length ORF a ected cell growth.
is indicates that the products of the full length ORF may have an important role in gastric carcinogenesis. Only the products of the full length GGT and that fusing with GFP a ected cell activity at 24 hours time point. 
